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(57) ABSTRACT

A semiconductor film 1s formed 1n a gap between a source
clectrode and a drain electrode of a thin film transistor 1n an
active-matrix type liquid crystal display device. A metal film
for a gate electrode 1s formed on said semiconductor film via
a gate msulating film. A photo-resist film, having a thick
portion 1n region including the gap and having an opening
portion in contact-hole forming region, 1s formed on the metal
film. A contact-hole 1s formed 1n the gate insulating film by
using the organic material film as a mask. The organic mate-
rial film 1s left on the region including the gap. A gate elec-
trode 1s formed on the region including the gap by etching the
first metal film by using the remained organic material film as
a mask. An organic material film, having projections and
depressions, 1s formed on a reflective region except the con-

tact-hole forming region. A reflective electrode 1s formed on
the organic material film having projections and depressions
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METHOD FOR MANUFACTURING LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to a method for manufactur-
ing a liquid crystal display device, particularly to a method for
manufacturing a liquid crystal display device exhibiting
improved optical characteristics without increasing photoli-
thography processes.

BACKGROUND ART

In an active-matnx type liqud crystal display device, in
order to improve optical diffusion characteristics of a retlec-
tive electrode, an organic material film with projections and
depressions 1s formed as a primer film of the reflective elec-
trode 1n a pixel region, and the reflective electrode 1s formed
on the primer film (IDP:In-cell Dittusing Retlector). In the
case of forming a contact-hole in a gate mnsulating film of a
thin film transistor TFT), 1n order to eliminate a photolithog-
raphy process of the contact-hole, the contact-hole 1s succes-
stvely formed 1n the gate insulating film when the contact-
hole 1s formed 1n the organic material film of IDR (Hatta et al,

‘A novel 5-mask top-gate TFT process for reflective LCD
panels” Digest of technical papers AM-LCD 02, p 207-210).

The method will be described with reference to FIG. 6.

FIGS. 6(a) to 6(d) are sectional views showing a conven-
tional method for manufacturing a liquid crystal display
device. First, as shown 1n FIG. 6(a), for example, a chrome
f1lm 1s deposited on a glass substrate 100, a light shield film
108 1s formed by leaving the chrome film 1n a portion corre-
sponding to a wiring region by a photolithography process
and etching process. Then, a silicon oxide film 101 1s formed
on the glass substrate 100 and the light shield film 108.

Next, an ITO (Indium-Tin Oxide) film 102 and a metal {ilm
103 are successively formed on the silicon oxide film 101, and
an opening portion 1s formed in the gate region by the pho-
tolithography process and etching process. Then, an amor-
phous silicon (a-S1) film 104 and silicon nitride film 105 are
successively formed on the metal {ilm 103 having the opening
portion, and are left in the gate region by the photolithography
process and etching process.

A silicon nitride film 106 that 1s a gate insulating film 1s
formed on the entire surface of the substrate. A metal film for
a gate electrode 1s further formed on the film 1066, and a gate
clectrode 107 1s formed 1n the gate region by the photolithog-
raphy process and etching process.

Next, as shown 1n FIG. 6(b), an organic material {ilm 109

for IDR 1s formed, and projections and depressions are
formed on the surface of the organic matenial film 109. The
projections and depressions are formed by, for example,
forming the first-layer organic material film, performing
exposures on the film while varying the intensity of light with
place so as to leave the film 1n the shape of 1slands, and then
forming the second-layer organic material film thereon.

Then, as shown 1n FIG. 6(c), the silicon mitride film 106 1s
subjected to dry etching by plasma 110 to form a contact-hole
of the gate insulating film. Subsequently, as shown 1n FIG.
6(d), a metal film 1s deposited 1n the reflective region to form
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a reflective electrode 111, and the metal film 103 is etched
using the reflective electrode 111 as a mask.

DISCLOSURE OF INVENTION

Technical Problem

However, 1n the alforementioned method, in forming a con-
tact-hole 1n the silicon nitride film 106 that 1s a gate insulating
film, the organic material film 109 for IDR 1s exposed to
plasma When the organic matenial film 109 1s exposed to
plasma, the surface of the organic material film 109 1s shaved,
and the projections and depressions become small. When the
projections and depressions of the organic material film 109
become small, the light diffusing capability of the reflective
clectrode becomes low, and there arises a problem that the
reflective electrode does not exhibit desired retlective char-
acteristics.

It 1s an object of the present invention to provide a method
for manufacturing a liquid crystal display device exhibiting
improved optical characteristics without increasing photoli-
thography processes.

A method for manufacturing a liquid crystal display device
of the present invention comprises the steps of forming a
semiconductor film 1n a gap between a source electrode and a
drain electrode of a thin film transistor in an active-matrix
type liquid crystal display device, and forming a first metal
f1lm for a gate electrode on the semiconductor film via a gate
insulating {ilm; forming a first organic material film on the
first metal film, the first organic material film having a thick
portion 1n a region including the gap and an opening portion
in a contact-hole forming region; forming a contact-hole 1n
the gate insulating film by using the first organic material film
as a mask, while leaving the first organic material film 1n the
region including the gap; forming the gate electrode on the
region including the gap by etching the first metal film by
using the first organic maternal {ilm left as a mask; and form-
ing a second organic material film having projections and
depressions 1 a reflective region except the contact-hole
forming region, and forming a retlective electrode on the
second organic material film having the projections and
depressions.

According to this method, 1t 1s possible to form a contact-
hole betfore forming the organic material film for IDR. There-
fore, the organic material film for IDR 1s not exposed to
plasma that 1s used 1n forming the contact hole. Accordingly,
the obtained liquid crystal display device 1s capable of exhib-
iting desired optical characteristics due to IDR. Further, since
an additional photolithography process 1s not required, pro-
cesses do not become complicated.

In a further embodiment of the method for manufacturing,
a liquad crystal display device according to the present inven-
tion, 1t 1s preferable that the source electrode 1s comprised of
a transparent electrode and a second metal film formed on the
transparent electrode, and the first metal film and the second
metal film are both etched when the first metal film 1s left on
the region including the gap.

In a further embodiment of the method for manufacturing
a liquad crystal display device according to the present inven-
tion, i1t 1s preferable that the first organic material film 1s
formed by performing exposures to the first organic material
film 1s formed by using a mask having a shield portion, a
half-transparent portion and a transparent portion such that
the shield portion 1s arranged in the region including the gap
and the transparent portion 1s arranged 1n the contact-hole
forming region, performing exposures on an organic material
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film, and developing the organic material film exposed. The
mask 1s preferably a halftone mask or a diffraction mask.

In a further embodiment of the method for manufacturing
a liquid crystal display device according to the present inven-
tion, 1t 1s preferable that the first metal film 1n the contact-hole
forming region 1s etched by using the first organic material
f1lm as a mask, and then the contact-hole 1s formed 1n the gate
insulating film by using the first metal {ilm as a mask.

A ligquid crystal display device according to the present
invention 1s obtained by the steps of forming a semiconductor
f1lm 1n a gap between a source electrode and a drain electrode
of a thin film transistor in an active-matrix type liquid crystal
display device, and forming a first metal film for a gate elec-
trode on the semiconductor film via a gate insulating film;
forming a first organic material film on the first metal film, the
first organic metal film having a thick portion 1n a region
including the gap and an opening portion 1n a contact-hole
forming region; forming a contact-hole 1n the gate mnsulating
film by using the first organic material {ilm as a mask, while
leaving the first organic material film in the region including
the gap; forming the gate electrode on the region including the
gap by etching the first metal film by using the first organic
material film left as a mask; and forming a second organic
material film having projections and depressions 1n a reflec-
tive region except the contact-hole forming region, and form-
ing a retlective electrode on the second organic maternal film
having the projections and depressions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing a part of a liquid crystal
display device obtained by a method for manufacturing a
liquad crystal display device according to the invention;

FIGS. 2a and 25 are sectional views showing a method for
manufacturing a liquid crystal display device according to the
invention;

FIGS. 3a to 3¢ are sectional views showing a method for
manufacturing a liquid crystal display device according to the
invention;

FIGS. 4a to 4c¢ are sectional views showing a method for
manufacturing a liquid crystal display device according to the
invention;

FI1G. 5 1s a view showing a characteristic of a liquid crystal
display device obtained by a method for manufacturing a
liquad crystal display device according to the mvention; and

FIGS. 6a to 64 are sectional views showing a conventional
method for manufacturing a liquid crystal display device.

MODE FOR THE INVENTION

An Embodiment of the present invention will be described
specifically below with reference to accompanying drawings.

FIG. 1 1s a sectional view showing a part of a liquid crystal
display device obtained by a method for manufacturing a
liquad crystal display device according to the invention. The
case 15 explained herein that the liquid crystal display device
1s a transflective type liquid crystal display device. In addi-
tion, with respect to portions to explain below, described are
regions of a gate electrode, gate insulating film and their
vicinities 1 an active-matrix type liquid crystal display
device, and omitted are the other portions not directly perti-
nent to the present invention. A structure of the other portions
1s almost the same as a conventional structure.

A light shield film 20 to prevent light from being directly
incident on TF'T 1s provided on one main surface of a glass
substrate 10 that 1s an 1nsulating transparent substrate. The
light shield film 20 1s formed 1n a region on the glass substrate
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corresponding to a region including a region (gap) between a
source electrode and a drain electrode described later. A sili-
con oxide film (for example, S10,) 11 that 1s an nterlayer
insulating film 1s formed on the glass substrate 10 with the
light shield film 20 formed thereon. In addition, a quarts
substrate or a transparent plastic substrate may be used as a
substitute for the glass substrate. The 1nsulating transparent
substrate 1s thus used 1n the case of the transtlective type
liquid crystal display device, while a silicon substrate may be
used 1n the case of a retlective type liquid crystal display
device. In addition, in the case of the retlective type liquid
crystal display device, the light shield film 1s not necessary.

The source electrode and the drain electrode are formed on
the silicon oxide film 11. Each of the source electrode and the
drain electrode has a two-layer structure comprised of an I'TO
film 12 that 1s a transparent electrode and a metal film 13
formed on the I'TO film 12. In addition, the source electrode
and the drain electrode are not limited to the two-layer struc-
ture, and may be formed from one layer, three layers or more.
The gap 1s formed between the source electrode and the drain
electrode, and an a-Si1 film 14 that 1s a semiconductor film 1s
formed 1n the gap and on the source electrode and the drain
clectrode 1n the vicinity of the gap.

A silicon nitride film (for example, S1N) 15 that 1s a gate
insulating film 1s formed on the a-S1 film 14. A silicon nitride
film 16 that 1s the gate 1nsulating film 1s formed on the a-Si
film 14, the silicon nitride film 15, the source electrode and
the drain electrode. A contact-hole 1s formed 1n an opening
portion 165 of the silicon nitride film (for example, S1N) 16,
and an overhang portion 164 1s formed which protrudes to the
contact-hole side. In addition, the case 1s explained herein that
the gate insulating film has the two-layer structure comprised
of silicon nitride films 15 and 16; the gate insulating film may
have a single-layer structure. The gate electrode 17 1s formed
in the region including the gap of the silicon nitride film 16.
An organic material film 18 for IDR 1s formed on the reflec-
tive region (region where the reflective electrode 1s provided)
with such a structure. The overhang portion 164 1s embedded
in the organic material film 18 because the material consti-
tuting the organic matenal film 18 comes around the portion
16a 1n forming the organic material {ilm 18. Projections and
depression are formed on the surface of the organic material
film 18 to provide the reflective electrode with the light dii-
fusing capability. A retlective electrode 19 1s formed on the
organic material film 18. In addition, used as materials of the
gate electrode 17 and reflective electrode 19 are generally
used matenals.

In thus configured liquid crystal display device, the organic
material film 18 constituting the IDR structure 1s not exposed
to plasma 1n forming the contact-hole, and thereby, 1s capable
of maintaining desired shapes of the projections and depres-
sions. Thus, the liquid crystal display device 1s capable of
adequately exhibiting optical effects using IDR.

A method for manufacturing the liquid crystal display
device according to this Embodiment will be described below
withreference to FIGS. 2 to 4. FIGS. 2 to 4 are sectional views
showing the method for manufacturing a liquid crystal dis-
play device according to the invention.

First, as shown 1n FIG. 1(a), for example, the chrome {ilm
1s deposited on the glass substrate 10, and the light shield film
20 1s formed by leaving the chrome film in a portion (region
including the gap between the source electrode and the drain
clectrode) corresponding to a wiring region by the photoli-
thography process and the etching process. Next, the silicon
oxide film 11 that 1s the interlayer insulating film 1s formed on

the glass substrate 10 and the light shield film 20.
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Then, as shown 1n FIG. 2(a), the ITO film 12 and the metal
f1lm 13 are successively formed on the silicon oxide film 11,
and an opening portion (gap) 21 1s formed in the gate region
by the photolithography process and the etching process. In
order to improve coverage of a film to be formed thereon, the
opening portion 21 1s provided with taper portions 21a such
that the width decreases toward the silicon oxide film 11 side.
In addition, 1n a structure of this portion, 1t 1s indispensable
that an edge portion of the metal film 13 exists on an inner side
than an edge portion of the I'TO film 12, and it 1s preferable to
provide the taper. In such a structure, P atoms are absorbed on
the surface of the I'TO film 12 by 1rradiating the structure with
plasma of PH, betfore forming the a-S1 film As a result, ohmic
characteristics are obtained between the a-S1 and I'TO.

Subsequently, as shown i FIG. 2(b), the a-S1 film 14 and
the silicon nitride film 15 are successively formed on the
metal {ilm 13 with the opening portion 21, and are left in the
gate region (the gap and the source and drain electrodes 1n the
vicinity of the gap) by the photolithography process and the
ctching process.

Next, the silicon nitride film 16 that 1s the gate isulating
film 1s formed on the entire surface of the substrate. Further,
as shown 1n FIG. 3(a), ametal film 17 for the gate electrode 1s
tormed on the film 16. Furthermore, a photo-resist film 31 that
1s an organic material film 1s formed on the film 17. The
photo-resist film 31 undergoes patterning using a halitone
mask 33.

The halftone mask 33 has a half-transparent portion 33a
that passes part of light, a transparent portion 335 that passes
the entire light and a light shield portion 33 ¢ that does not pass
the light. The transparent portion 3356 of the halftone mask 33
1s provided corresponding to a region where a contact-hole 1s
formed 1n the gate msulating film. The shield portion 33c¢ 1s
provided corresponding to the region including the gap 21.
The half-transparent potion 33a constitutes the other portion
of the halftone mask 33.

When a photo resist 1s exposed to light using the halftone
mask 33, the entire exposure light (arrows S 1n the figure) 1s
passed through the transparent portion 335, and part of the
exposure light (arrows Y 1n the figure) 1s passed through the
hali-transparent portion 33a. Meanwhile, the exposure light
1s not passed through the shield portion 33c. Therefore, the
photo resist 1n the portion corresponding to the shield portion
33¢ constitutes a thick portion 31a. Furthermore, the photo
resist in the portion corresponding to the half-transparent
portion 335 1s removed and an opening portion 32 1s formed.
Further, the photo resist in the portion corresponding to the
half-transparent portion 33a is partially removed. In this way,
a photo-resist film 31 having the thick portion 31a and the
opining portion 32 1s formed.

Next, as shown 1n FIG. 3(b), the metal film 17 for the gate
clectrode 1s etched using the photo-resist film 31 as a mask.
By this means, the silicon nitride film 16 1s exposed corre-
sponding to the opening portion 32. Then, as shown 1n FIG.
3(c), the exposed silicon nitride film 16 undergoes dry etching
using the etched metal film 17 as a mask, and the contact-hole
1s thus formed. At thus point, a taper portion 16¢ 1s formed 1n
the contact hole such that the width decreases toward the
metal film 13. An example used as plasma 1s a mixed gas of
SF. and O,. The mixed gas etches organic matenals, and
therefore decreases the thickness of the photo-resist film 31.
Then, 1 the photo-resist film 31, only the thick portion 31a
remains on the region including the gap of the metal film 17
for the gate electrode. When the photo-resist remains on the
metal film 17 except the remaining thick portion 31a, 1t 1s
desirable to remove the residual resist by ashing with O,
plasma.
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Then, as shown 1n FIG. 4(a), the metal film 17 1s etched
using the thick portion 31a as a mask, and the gate electrode
1s formed 1n the region including the gap of the silicon nitride
film 16. At the same time, the metal film 13 constituting the
source electrode 1s etched. When the metal film 13 1s etched,
overhang portions 16a are formed 1n the silicon nitride film 16
due to over etching. Subsequently, the thick portion 31a of the
photo resist 1s removed as shown 1 FI1G. 4(b).

Next, as shown in F1G. 4(c¢), the organic material film 18 for
IDR 1s formed 1n the reflective region (including the gate
clectrode 17 and the taper portions of the silicon nitride film
of the contact-hole) other than the contact-hole forming
region, and projections and depressions are formed on the
surface of the organic material film 18. At this point, since the
matenial constituting the organic material film 18 comes
around the overhang portion 16q of the silicon nitride film 16,
the portion 164 1s embedded 1n the organic material film 18.
The formation of projections and depressions 1s performed,
for example, by forming the first-layer organic material film,
performing exposures on the film while varying the intensity
of light with place to leave the organic material film 1n the
form of 1slands, and forming the second-layer organic mate-
rial film on the first-layer organic material film. In addition,
the formation of projections and depressions 1s not limited to
the aforementioned method, and may be performed by vari-
ous methods.

Subsequently, the metal film 1s deposited on the organic
material film 18, and the reflective electrode 19 1s formed. In
addition, as the material of the organic matenal film 18, a
photo resist may be used. As the matenial of the reflective
clectrode 19, aluminum may be used. The structure as shown
in FIG. 1 1s thus obtained.

In the method of the present invention, a photo-resist film,
which has a thick portion in the region including the gap
between the source and drain electrodes and further has an
opening in the contact-hole forming region, 1s formed on the
metal film for the gate electrode. A contact-hole 1s formed in
the gate insulating film using the photo-resist film as a mask,
while the photo-resist film 1s left 1n the region including the
gap, and the gate electrode 1s formed on the region including
the gap by etching the metal film using the photo-resist film as
a mask. It 1s thereby possible to form the contact-hole belore
forming the organic material film for IDR. Therefore, the
organic material film for IDR 1s not exposed to plasma used 1n
forming the contact-hole. Accordingly, the obtained liquid
crystal display device 1s able to exhibit desired optical char-
acteristics due to IDR. Further, since an additional photoli-
thography process 1s not required, processes do not become
complicated.

Next, examples that were executed to clarity the effects of
the present invention will be described below. FIG. S1sa view
showing a characteristic of a liquid crystal display device
obtained by the method for manufacturing a liquid crystal
display device according to the Embodiment of the present
invention. FIG. 5 shows the relationship between the retlec-
tion ratio and viewing angle, where the dashed line represents
the liguid crystal display device obtained by the method of the
present invention, while the solid line represents a liquid
crystal display device obtained by the conventional method.

Measurements were carried out as follows: Light 1s applied
in the direction shifted 30° from the direction of the normal to
the panel surface of the liquid crystal display device, and the
light (reflection ratio) reflected by the liquid crystal panel 1s
observed. Then, while varying the position to observe, the
reflection ratio 1s measured at each position. In addition, the
case of observing in the direction of the normal to the panel
surface 1s set for the viewing angle of 0°.
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As can be seen from FIG. 5, 1n the liquid crystal display
device obtained by the method of the present invention, since
the organic material film for IDR was not exposed to plasma,
IDR exhibits the desired diffusing capability. In other words,
the peak 1s relatively wide in FIG. 5. Meanwhile, 1n the liquid
crystal display device obtained by the conventional method,
since the organic material film for IDR was exposed to
plasma, IDR does not exhibit the desired diflusing capabaility.
In other words, the peak is relatively narrow 1n FIG. 5.

The present invention 1s not limited to the aforementioned
Embodiment, and 1s capable of being carried into practice
with various modifications thereof. For example, materials
and structures used 1n the aforementioned Embodiment are
not limited, and it may be possible to use substitutes for the
materials and structures capable of exhibiting the functions.
In other words, the aforementioned Embodiment describes
the case where the silicon oxide film 1s used as an interlayer
insulating film, the silicon nitride film 1s used as a gate 1nsu-
lating film, and the chrome film 1s used as the light shield film.
However, 1n the present invention, as long as equivalent func-
tions are exhibited, other materials may be used. Further, a
thickness of each film 1s not limited particularly, as long as the
function of each film 1s exhibited.

Moreover, the above-mentioned Embodiment describes
the case of using the halftone mask. In the present mnvention,
it may be possible to use a diffraction mask having a shield
portion, transparent portion and half-transparent portion to
form the photo-resist film having the thick portion and open-
ing portion. In the case of the diffraction mask, a pattern
smaller than the resolution limit of an exposure 1s formed, and
this portion 1s set as a half-transparent portion. By diffracting
the light by the small pattern, weak light passes through the
mask.

While the above-mentioned Embodiment describes the
case of the transtlective type liquid crystal display device, the
present invention 1s similarly applicable to the case of the
reflective type liquid crystal display device. The case of the
reflective type device 1s almost the same as the case of the
transtlective type device except that the light shield film 1s not
necessary, a reflective electrode 1s formed in the opening
portion of the silicon nitride film, etc.

As described above, according to the method for manufac-
turing a liquid crystal display device of the present invention,
a first organic material film, which has a thick portion 1n the
region including the gap between a source and drain elec-
trodes and further has an opeming portion in the contact-hole
forming region, 1s formed on the metal film for the gate
clectrode. A contact-hole 1s formed 1n the gate insulating film
using the first organic material film as a mask, while the first
organic material film 1s left on the region including the gap,
and the gate electrode 1s formed on the region including the
gap by etching the metal film using the first organic material
f1lm as a mask. It 1s thereby possible to form the contact-hole
before forming the organic material film for IDR. Therefore,
the organic material film for IDR 1s not exposed to plasma
used 1n forming the contact-hole. Accordingly, the obtained
liquid crystal display device 1s capable of exhibiting desired
optical characteristics due to IDR. Further, since an additional
photolithography process 1s not required, processes do not
become complicated.

INDUSTRIAL APPLICABILITY

The present invention 1s applicable to a retlective type
liquid crystal display device and a transtlective type liqud
crystal display device.
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SEQUENCE LISTING
10,100 . . . glass substrate
11,101 ... silicon oxide film
12,102 ... ITO film
13,103 ... metal film
14,104 . . . a-S1 film

15,16, 105,106 . . . silicon nitride film
16a . . . overhang portion

1656, 32 . . . opening portion

16c¢ . . . taper portion

17,107 . .. gate electrode

18,109 . . . organic material film

19 . . . reflecting electrode

20,108 . .. light shield film

31 ... photo-resist film

33 ... halftone mask

33a . .. hali-transparent portion
3356 . .. transparent portion

33c¢ ... light shield portion

110 . .. plasma

The invention claimed 1s:

1. A method for manufacturing a liquid crystal display
device, comprising the steps of:

forming a semiconductor {ilm in a gap between a source

clectrode and a drain electrode of a thin film transistor in
an active-matrix type liquid crystal display device, and
forming a first metal film for a gate electrode on the
semiconductor film via a gate insulating film;

forming a first organic material {ilm on the first metal film,

the first organic material film having a thick portion in a
region including the gap and an opening portion in a
contact-hole forming region;

forming a contact-hole in the gate isulating film by using

the first organic material film as a mask, while leaving
the first organic material {ilm 1n the region including the
24ap;

forming the gate electrode on the region including the gap

by etching the first metal film by using the first organic
material film left as a mask; and

forming a second organic material film having projections

and depressions 1n a reflective region except the contact-
hole forming region, and forming a reflective electrode
on the second organic material film having the projec-
tions and depressions.

2. The method as claimed 1n 1, wherein the source elec-
trode 1s comprised of a transparent electrode and a second
metal film formed on the transparent electrode, and the first
metal film and the second metal film are both etched when the
first metal film 1s left on the region 1including the gap.

3. The method as claimed 1n claim 1, wherein the first
organic material film 1s formed by using a mask having a
shield portion, a half-transparent portion and a transparent
portion such that the shield portion 1s arranged 1n the region
including the gap and the transparent portion 1s arranged 1n
the contact-hole forming region, performing exposures on an
organic material film, and developing the organic material
f1lm exposed.

4. The method as claimed 1n claim 3, wherein the mask 1s
a halftone mask or a diffraction mask.

5. The method as claimed in claim 1, wherein the first metal
{1lm 1n the contact-hole forming region 1s etched by using the
first organic material film as a mask, and then the contact-hole
1s formed 1n the gate insulating film by using the first metal
film as a mask.
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